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Brief history of
HCAL/JetMet Simulation & Software

'04 CMS TP - requirements SSCSIM (physics)
new CMSIM (single particle)
'95 Test Beam | - Understand testbeam data Test beam sim. - Geant3 -
- verify GEANT3
'96 Test Beam - optimize HCAL geometry
) Heavy Higgs/SUSY
97 HCAlE_CTA[?_RTDR (high Et>50GeV)
- optimize dead material CMSIM (physics)
d distribution in ECAL and Tracker
98
TRK TDR : : ) - Reco - fotran -
Light Higgs / single top
'99 (Et <50GeV & fwd jets & b-tag) | cCMSIM
- jet energy correction > Reco — fortran -
'00 _ - met energy correction
Trig TDR - L1 algorithm and rates = ORCA
'01 ttH (multi jets, b-tag)
- HLT jets/met (low & high lumi.)
'02 DAQ/HLT Met > SUSY, extra-dim.
TDR Jets Et~1-2TeV > compositeness
'04 PHYS. TDR OSCAR — Geant4 — (slow/fast)
- ORCA
‘06 1St Run
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Main Issues

Many physics analyses require
- low E; jets:

from top, W, Higgs
from WW fusion

part of signal
background rejection (e.g. jet veto)

- High luminosity

pile-up energy
low ET jets from overlapping events
fake jets due to pileup.

- T Jet
-b jet (tag)

- Correct energy scale from low E; to very high E;
- Better resolution for Jet/MET

E, range

20GeV-2TeV
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H(170) -> WW -> Ivlv

CMS Note 1998/089
(with FNAL group)

L 1.24pb Event Selection:
 IAARAMY IR (total 11 cuts)
wl ﬂ stanf:?:r:?::elﬂiggs | two opposite sign leptos
MWW s v - PT cuts (20GeV,10GeV)
T 7 ] - angle between two leptons
5 s - ET>20GeV in |n|<2.4: removed
’ Mass (WW)
nemEoe - M > 140GeV
o q Results:
o e e e e o e 1500 - number of events (5fb1)
M (GeV) H/tt/WW=54/35/28
- good channel for discovery
Background: - background: need good
tt -> (Wb)(Wb) ->(lvb)(lvb) 62.5pb understanding
WW(continum) -> Ivlv 7.4pb
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Forward tagging jets &

Higgs Couplings measurement

D.Zeppenfeld, R.Kinnunen, A.Nikitenko, E.Richter-Was, Phys.Rev.,D62(2000) pp13009

gg->H-=WN->Zlept

qq->qqH, H->ry
W ¥
qq->qqH, H->11
T
<
s T

q-=gqH, H-=WW-=2lept

My, < 150 Gell
~l",g[l".|,.l'l"} ="|".|,
My > 120 GeV
-Tg(T7IT) =Yz
My, > 120 GeV
~Tg(Tw/T) =Yy
My, < 150 GeVl
~Tw (T, IT) =X,
100 < My, < 150 GeV
~Twl(lIT) =X,

My = 120 GeV

Accuracy expected with 200 fb'of data
with ATLAS+CMS detectors at LHC

accuracy of Higgs boson width
and partial H->WW width

F
-

= N R R
g S Y B T

My, Gel

Q measure HYY, HTT, Hgg
couplings at 10 % level

~Tw(Ty/T) =Xy

W
H?;}H_{:
W

W

Although o(VBF)~c(GF)/6, VBF process may play a big role in
measurement of higgs properties in addition to discovery potential.

A hWW coupling (|sin(B—o) | )
can be measured at 5% level
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Pion Response: Linearity

ECAHL+HCAL: Non compensating calorimeter

CMS Simulation
ET=3 GeV pion in 0<|n|<5
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Jet Response and Correction #1

CMS IN 2001/001
(with Krokhotine, ITEP)

Et-eta dependent correction for QCD jets

No pileup With pileup

B | Ofine jets .4 [ Offline jets
%IJ ni e b) E 1.2 with Fill.'l.lp b
=
E L] R -y E - £ | o
B 1jeeees :,;_,"E":'_‘ E i ::'::::=='1+ Ii-rl-l-ll-'l:':l-
il "F TN, o i v LK T
s LY
@ 05 1| I3 } 15 3 A5 4 45 § 0 05 1 15 2 25 3 A5 4 45 5
I'|n__. rl',qlrl-
Oifline Jets resolution, Inl5 Offline Jets resolution, Inl<5
P I
e Lt
g 2
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C 05| o /El=14904 I‘Tlﬂ_11 + (L0% © 05| g, /Fi= I'-q'.'"hl‘ﬁlum"'mpu] + 008
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Dijet Mass Resolution

With pileup  H* sample)
W(jj) Top(jjj)

Before correction

No pileup
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MET

Energy scales for MET
QCD 2j event

p; bin 80-120 GeV_— .~ Jet energy scale
high lumi——" """ ="
:'3 14 —z ____________________
12y e
ﬂ;} 10 _; ...........................
g8 .- _
c 6 T e ST
et e Ml B - e out of cone energy
e : " scales :
0- - physics (FSR)
0 SRS - 4T field
% o Emety :
s, = SiEsTay 0 - pileup
,. ..:‘¢'
] -
n 2 M q) - underying event
5.0 =«
Corrections

Type 1. Jet corr.
Type 2: Jet corr. + out of cone corr.

CMS Note in preparation
(with Nikitenko, CERN/ITEP,
Kinunnen, Helsinki)

Out of cone corr. uses weights
for jet(30GeV) corr.
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Corrected MET for mSUGURA
Jets+MET at low lumi
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Higgs mass in bbA, A>2T->2)

before correction after correction
>140 Entries 708 >140 Entries 1274
G o c"”ec}‘_; \[@/ndf| 1555 | 7 17 & W pez,f °"rj°}; /ndf L 2411 | 7/ 18
512.} 1_:10”"!"\'1 8 Constapt-—-—-——1 T 312[] | =10"¢em™’s Constant 1067
F Mean 438.3 > |'| Mean 511.0
Z .00 Sigma 86.34 <. 00! [l Sigma 86.21
i bbA, A==> 21— 2] I bbA, A—>217—32j
80 1 M,=500GeV, tdrg=20 80 hq;MFbUL GeV, tang=20
E’>60 GeV 60 | E>i60.GeV
Ad i, < 175° I Abi, < 175°
------- -En.-nzbﬂ 40 I Euvie 2
20 | ..".1_.‘
600 800 1000 1200 E5(:!131 400 600 800 1000 1200
MH‘ GeV MH" GeV
bbA, A->21->2j no corrections typel corrections | type2 corrections CMSJET
<My> 438.3 GeV 500.3 GeV 511.0 GeV 500.0 GeV
o/l <My> 19.7 % 18.9 % 16.8 % 13.4 %
1 1.53 1.80

€ reco (corr) / (no corr)
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Jet correction method #2

CMS Note in preparation
(with MSU, ITEP group)

Optimized weights by #2
Jet Corr. #1 0.0<n<0.4

2 . . - - - .
E 1 1 1 ® EBweight
a x (EC+HC) 1.8 FEerrermecbrnernnnns T T A HEL eightnseesess
n : O HB§2 weigh';t
- corr. for jet energy scale 1.6 _... - R . ........... . ..........

- oo depends on jet(Et,n) ST T AN e d iy

PP UV W S NN A WO S
g6 00
Jet Corrl #2 1 -_ll.llll': lllllllllll Elllllllllilllxllll?lllllllllli llllllllll il lllllllll

0.8 Eereionnnnn ........... ........... ..........
o X EC + B x HL + 7y x H2 T

(| = S ST U ST S

- optimize jet resolution 0.4 i SSNSRROON s SRRSO SO SRR

(and jet energy scale) - : : : : : :

o B, y depends on Jet(Et,n) 0.2 _. ........... .E ........... E' ........... .. ..........
0

0 20 40 60 80 100 120 140
ET _,GeV

gen’
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Jet Correction method #2

Table 1: Optimum weights and energy resolutions for ET=80 GeV jets

etarange | eb hbl hh2 e hel he2 Eﬁfl;?:f::?:-: LE]::?::: I:ﬂ'ff;‘:u"gl‘;';';ﬁ‘
0.0-04 (148 |1.12 |1.12 0.143 0.136
04-08 |149 (095 |1.19 0.141 0.134
0.8-1.1 |149 |1.08 |1.19 0.144 0.137
1.25-145 | 1.47 (098 (140 [1.89 (126 (154 |0.136 0.133
1.7-2.0 1.44 (1.04 (L15 |0.134 0.128
20-24 1.32 |1.03 (LI5S |0.123 0.120

Table 3;: Optimum weights and energy resolutions for ET=120 GeV jets

clarange | ¢b hbl | hb2 e he | he ii::EfL:;E(E,L uﬁf:.fﬂgi
0.0-0.4 140 |93 1.16 0.124 0119
04-08 (141 |[1.13 (1.13 (.132 0.126
0E-1.1 |[140 |L16 [l.16 0.125 0.121
1.25-145 | 1.44 (082 |1.37 |1.85 |055 |1.73 (0125 0.119
1.7-2.0 1.37 (091 |14 |0.122 0.116
20-24 1.29 10,70 | 117 |0.117 0.113
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Correction Method #3
(single pion)

350

e/h for ECAL and HCAL - Linearity

300300

F,=E_/E~0.11In(E)]
elm=elhi[l+(e/h-1)F ] 20%9200

o
U 150

(e/h)eca ~1.39 (NIM paper) 100w

linearity

50

To find e/h for ECAL, measure e/pi at beam |
different energies for showers where T
there is a substantial energy (> 30% of 0 100 200 = 300 (GeV)

the beam energy) in ECAL for e/h of HCAL and ECAL
(e/ h)ECAL~1'60 20%

resolution

N
w

Linearity is restored to a few %. The 10968 wo*
resolution is Gaussian to a high level

of accuracy with ~ NO constant term

and a 120% stochastic coefficient 5%

c/E

curve is dE/E=110%/sqrt(E)

10 Foean(©ev1 00 300 (GeV)

Next: identify em cluster and had cluster in jet using transverse shower
shape (in crystals) and reco-ed tracks and apply this to had cluster.
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Improvement of jet energy resolution
with tracks

CDF L3

Pheton + Jet P, Balancing in GDF Data i RLEE R R E AL
E - B Fepical COF for Resslunon using 12000 - L3 Dﬂtﬂ 2 I.IEt E‘J"BI'IIE -
R Calorimervouly _ wooo | OlE ) about 6.3 GeV + new algorithm
E I A& New COF for Algarithm Using Tracking i (was 9.3 Gov) — old alvgnritl'rn :
= - Calorimeiry and Sheper Mar Deoreorars 4 3 .
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v | o r ) 1
512 | § 2000 1 ]
® @ { 5
RS 6000 : ; -ﬂL ]
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G((Ejo-E parton)[E_id), %

Effect of Threshold
on low E; jet and MET

20GeV parton jet @ 10E34 MET
S BARREL THOER i gg —>bbA, A—>27 —>e¢j
e eril e N e e el B e L e CRomikT & ! ! !
wk R=L0; "% gg[  M=200GCeV, E'>40 GeV, E'>15 eV
2 - i &
20 £ | ' 25 -
15 E
o F | | l | " 5 *
i 0.5 1.0 - L]
l : | . "
:: : 157 I
an = |
- | g 10 o b=10em™ 8™, Ap < 165°
- : | g | " ; oL = erH] cm g% e ﬂ;a:',i{“f?ﬁl
N S 17050 05 1 15 2 25 3 35 4
Threshold on ECAL and HOAL transverse cell encrgy (GeV) towar Et thrﬂhﬂ-ld Gﬂ"."

Lower threshold is better!

Electronics noise and occupancy define the threshold.
>> aim at 0.5GeV/tower @ 10E34
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lIIl il | s - -
KI — v VLo —] phase : 0ns
/ \| et >/ | : L, 24ns
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QIE integration __,._h | (B LRE O vs 2 buckets with SEE 'l
A maximal content . |

Signal fraction in 3 buckets

Ao ) (e P L 099 | JlL" 1
I'\-'I'I; Hi :":lllr:' - .. nl‘gq i l i
' L S sh it 0.75 0.8 0.85 0.9 0.95

o Signal fraction in 2 buckets
(Original scheme)

E = X (Signal buckets), — x(pre buckets) ;/n
Electronics noise 200MeV/25nsec/ch - 500MeV/(3+3) buckets/ch

- New scheme: 2 buckets for signal
separate pedestal events
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Algorithm for L1 through Offline (1)

L1 — calorimeter only (coarse segmentation)
e Resolution improvement

« Equalize calorimeter response with simple correction
« ax (EC+HC), adepends on jet(ET,h)
s aXxEC+bxHC, abdependson jet(ET,h)

 Fake Jets/Pileup jets rejection
 Threshold cut on a central tower In jets (seed cut)

L2 — calorimeter only (fine segmentation)
e Resolution improvement
« Better energy extraction from ADC counts

 Em/had cluster separation using transverse shower
shape in crystals

 Fake jet/Pileup jet rejection
e Use of transverse shower shape
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Algorithm for L1 through Offline (2)

L3 — calorimeter plus pixel
e Resolution improvement

* Pileup energy subtraction

« Estimation of energy flow from pileup events using pixel
hits/tracks.

 Fake jets/Pileup jets rejection
* Vertex information and jet pointing using pixel hits/tracks.
Offline — calorimeter plus fully reco-ed tracks
e Resolution improvement
» Fake jets/Pileup jets rejection

e - All tracks down to E;~ 700MeV have to be
reconstructed at 10E34!

 Physics correction — e.g. correction for IFR/FSR.
e - In-situ calibration!
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